16V$ 

tnp-ORMATIQ N mSCTOSURF ST^MENT 
UNDER 37 C.^R 1 -56 AND 1.97 / f 



In re application of: 



p&j^t&Ziei 



to 



For- MEANS AND METHODS FOR "t<&/) n 
MONITORING ANTIRETRO VIRAL THERAPY^ 
AND GUIDING THERAPEUTIC DECISIONS IN 
THE TREATMENT OF HIV/ AIDS 



Attorney Docket No: 

Serial No: 

Filed: 

Binder: 



11068-0037-999 
09/874,472 
June 4, 2001 
I of I 



S 



A01 



Application of: Parkin and Ziermann 

Serial No.: 09/874,472 

Attorney Docket No. : 11 068-0037-999 



PATENT COOPERATION TREATY 



From the INTERNATIONAL SEARCHING AUTHORITY 



To: 

JOHN P. WHITE 

COOPER & DUNHAM LLP 

1 185 AVENUE OF THE AMERICAS 

NEW YORK, NY 10036 



0 Q 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 




i agent's file reference 



Date of Mailing 
(day /month/year) 



23 JAN 2003 



FOR FURTHER ACTION See paragraphs 1 and 4 below 



International application No. 
PCT/US02/ 18684 
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(day /month/year) 
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VIROLOGIC, INC. 



1. 



The applicant is hereby notified that the international search report has been established and is transmitted herewith. 

* *7 MO APT \°i DU^ * 

Filing of amendments and statement under Article 19: /- » ^ W \ \ \ — * 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 



When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
international search report 



2. 



3. 



□ 
□ 



Where? Directly to the International Bureau of WIPO, 34, chemin des Colombettes 3 HO "XOS EI 

121 1 Geneva 20. Switzerland, Facsimile No. : (41-22) 740. 14.35 / 

. . Y t 3<f3 3 n-£ s^scn-o, s^sti-c, 

For more detailed instructions, see the notes on the accompanying sheet. I ; / 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2) (a) to that effect is transmitted herewith. 

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

| | the protest together with the decision thereon has been transmitted to the International Bureau together with the 

applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices . 
| ] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 




Reminders 

If the 
must 
technical 

preparations for international publication. ,Lj * £>3> - ftP 

Within £9 mong^froin the! pnonty ^ate, but only in respect of some designated Offices, a demandlforjnternational preliminary 
examinaUon~must be filed if the applicant wishes to postpone the entQMntoJLhe national phase until from me P riorit y <^ te 
Cm some Offices even later); otherwise the applicant must, witmn'^DUwnffiXrom the priority date, perform the prescribed acts for 
entry into the national phase before those designated Offices. *2. « M ' QZ 

In respect of other designated Offices, the time limit of 30 mouths (or later) will apply even if no demand is filed within 19 months. 

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's Guide, 
Volume II, National Chapters and the WIPO Internet site. 
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International application No. 
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Appl icant 

VIROLOGIC, INC. 



International filing date {day /month/year) 
04 June 2002 (04.06.2002) 



(Earliest) Priority Date {day /month/year) 
04 June 2001 (04.06,2001) 



This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of fy) sheets. 



~^ It is also accompanied by a copy of each prior art document cited in this report. 



1. 



2. 

3. 
4. 



□ 



b. 



Basis of the Report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23. 1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
search was carried out on the basis of the sequence listing: 

contained in the international application in written form, 
filed together with the international application in computer readable form 
lurnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

Certain claims were found unsearchable (See Box I). 

Unity of invention is lacking (See Box II). 
With regard to the title, 

~^ the text is approved as submitted by the applicant. 

the text has been established by this Authority to read as follows: 



With regard to the abstract , 

~^ the text is approved as submitted by the applicant. 

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this 
Authority. 



□ 




The figure of the drawings to be published with the abstract is Figure No. 
as suggested by the applicant, 
because the applicant failed to suggest a figure, 
because this figure better characterizes the invention. 



None of the figures 
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1 I Claim Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claim Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to 
such an extent that no meaningful international search can be carried out, specifically: 



3. 1 | Claim Nos,: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 

6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Continuation Sheet 



1 . | | As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. 1 1 As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite 

payment of any additional fee. 

3 * (ZH As onl y some of te re q uire <* additional search fees were timely paid by the applicant, this international search 
report covers only those claims for which fees were paid, specifically claims Nos.: 



4 - X No required additional search fees were timely paid by the applicant. Consequently, this international search report 
is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-12 



Remark on Protest 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 
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INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US02/ 18684 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : C12Q 1/18, l/68 t 1/70 
US CL : 435/5, 6, 32 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Muiimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/5, 6, 32 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No, 



ZIERMANN et al. A mutation in human immunodeficiency virus type 1 protease, N88S, 
that causes in vitro hypersensitivity to amprenavir. J. Virology. May 2000. Vol 74. No. 
9, pages 4414-4419, especially pages 4415-4416. 



1-12 



| | Further documents are listed in the continuation of Box C. | | See patent family annex. 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



* Speciat categories of cited documents: 

*A" document defining the general state of the art which is not considered to be 
of particular relevance 

"E" earlier application or patent published on or after the international filing date 

"L" document which may throw doubts on priority clatm(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 



document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than the 
priority date claimed 



Date of the actual completion of the international search 

12 December 2002 ( 12. 12.2002) / 


Date of mailing of the international search report / 

A 33 JA;12003 / 


Name and mailing address of the ISA/US / 

Commissioner of Patents and Trademarks I 
Box PCT 

Washington, D.C, 20231 
FacsirnileNo. (703)305-3230 


Tellfftione No. (703) 308-0196 ^ 
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BOX H. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 

This application contains the following inventions or groups of inventions which are not so linked as to form a single general 
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must 
be paid. 

Group I, claim(s) 1-12, drawn to a method of assessing the effectiveness of protease antiretroviral therapy in an HIV-infected subject 
by evaluating the presence of a mutation at codon 88. 

Group II, claim(s) 13-16, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate with a vector 
encoding a mutation at codon 88. 

Group III, claim(s) 17-20, drawn to a resistance test vector comprising an HIV patient- derived segment having a mutation at codon 
88. 

Group IV, claim(s) 21, drawn to a method for evaluating the viral fitness of a patient's virus. 

Group V, claim(s) 22-44, 80-85, 98- 113,1 17- 120, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug 
candidate with a vector encoding a mutation at codon 82. 

Group VI, claim(s) 45-67, 80-85, 98-120, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate 
with a vector encoding a mutation at codon 90. 

Group VII, claim(s) 68-70, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate with a vector 
encoding a mutation at codon 82 and 90. 

Group VIII, clainXs) 71 , 72, and 86, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate with a 
vector encoding a mutation at codon 82- 

Group IX, claim(s) 73, 74, and 86, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate with a 
vector encoding a mutation at codon 90. 

Group X, claim(s) 74 and 75, drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate with a vector 
encoding a mutation at codon 82 and 90. 

Group XI, claim(s) 76, 77, 87-91, 121, and 122, drawn to a resistance test vector comprising an HIV patient-derived segment having 
a mutation at codon 82. 

Group XII, claim(s) 78, 87-91, 121 , and 122, drawn to a resistance test vector comprising an HIV patient- derived segment having a 
mutation at codon 90. 

Group XIII, claim(s) 79 and 92-97, drawn to a method for determining the replication capacity for a patient's virus. 

Group XIV, claim(s) 123 and 125, drawn to a method for determining whether a patient's virus, comprising a mutation at codon 30, 
is resistant to protease inhibitor drugs. 

Group XV, claim(s) 124, drawn to drawn to a method for dcterrnining whether a patient's virus is resistant to protease inhibitor 
drugs. 

Group XVI, claim(s) 126, drawn to drawn to a method for determining whether a patient's virus, comprising a mutation at codon 50, 
is resistant to protease inhibitor drugs. 
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The inventions listed as Groups I-XVI do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT 
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The special technical feature of 
group I is drawn to a method of assessing the effectiveness of an antiretroviral therapy by evaluating whether an HIV sample 
comprises a mutation at codon 88. Any subsequent group that does not share this special technical feature lacks unity of invention 
with the first group. 

The special technical feature if group II is drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate 
with a vector encoding a mutation at codon 88. This group does not share the special technical feature with group I because the 
groups comprise different method steps and ingredients. 

The special technical feature if group III is drawn to a first product, a vector encoding a mutation at codon 88. This group does not 

share the special technical feature with group I because the product is not required to practice the method of group I. 

The special technical feature of group IV is a method of evaluating the viral fitness of a patient's virus. This group does not share the 

special technical feature with group I because the method steps are different from the method of group I and requires different 

ingredients. 

The special technical feature of group V is drawn to a method of assessing the effectiveness of an antiretroviral therapy by evaluating 
whether an HIV sample comprises a mutation at codon 82. This group does not share the special technical feature with group I 
because the method steps are drawn to evaluating a different sequence that distinguishes the special technical feature in group I. 
The special technical feature of group VI is drawn to a method of assessing the effectiveness of an antiretroviral therapy by evaluating 
whether an HIV sample comprises a mutation at codon 90, This group does not share the special technical feature with group I 
because the method steps are drawn to evaluating a different sequence that distinguishes the special technical feature in group I, 
The special technical feature of group VII is drawn to a method of assessing the effectiveness of an antiretroviral therapy by 
evaluating whether an HIV sample comprises a mutation at codon 82 and 90. This group does not share the special technical feature 
with group I because the method steps are drawn to evaluating a different sequence that distinguishes the special technical feature in 
group I. 

The special technical feature if group VIII is drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug 
candidate with a vector encoding a mutation at codon 82. This group does not share the special technical feature with group I because 
the groups comprise different method steps and ingredients. 

The special technical feature if group IX is drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate 
with a vector encoding a mutation at codon 90. This group does not share the special technical feature with group I because the 
groups comprise different method steps and ingredients. 

The special technical feature if group X is drawn to a method of evaluating the effectiveness of an HIV antiretroviral drug candidate 
with a vector encoding a mutation at codon 82 and 90. This group does not share the special technical feature with group I because 
the groups comprise different method steps and ingredients. 

The special technical feature if group XI is drawn to a second product, a vector encoding a mutation at codon 82. This group does 

not share the special technical feature with group I because the product is not required to practice the method of group I. 

The special technical feature if group XII is drawn to a third product, a vector encoding a mutation at codon 90. This group does not 

share the special technical feature with group I because the product is not required to practice the method of group I, 

The special technical feature of group XHI is a method for determining the replication capacity of a patient's virus. This group does 

not share the special technical feature with group I because the method steps are different from the method of group I and requires 

different ingredients. 

The special technical feature of group XIV is drawn to a method of determining whether an HIV virus is resistant to a protease 
inhibitor drug by determining whether the sample has a mutation at codon 30 exists. This group does not share the special technical 
feature with group I because the method steps and ingredients to practice each of the methods is mstinctly different. 
The special technical feature of group XV is drawn to a method of determining whether an HIV virus is resistant to a protease 
inhibitor drug by determining whether the sample is resistant to any one protease inhibitor drug. This group does not share the 
special technical feature with group I because the method steps and ingredients to practice each of the methods is distinctly different. 
The special technical feature of group XVI is drawn to a method of determining whether an HIV virus is resistant to a protease 
inhibitor drug by determining whether the sample has a mutation at codon 50 exists. This group does not share the special technical 
feature with group I because the method steps and ingredients to practice each of the methods is distinctly different. 

Only claims 1-12 will be searched if applicant does not agree to pay for any additional groups. 
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USPatfuU, USPGpub, EPO, JPO, Derwent, medline, embase, biosis 
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NOTES TO FORM PCT/ISA/220 



These Holes are intended to give the basic instructions concerning the filing of amendments under Article 19. The 
Note* ire based on the requirements of the Patent Cooperation Treaty cad of the Regulation* tod (he Administrative 
Instructions under that Treaty. In case of discrepancy between these Notes tod those requirements^ the Utter are applicable 
For more detailed information, see also the PCT Applicant's Guide, a publication of wtPO. 

la theae Notes, "A/tick", "Rule" cad -Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instrucucxa /respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE It 



The ayptioaac has, after hav-mg received the ioaeraapocial search report, one onpoftanaty lo amend the claims of the 

ilHf matiOOal tpf4tC«iOa. It mhtmtlAhami**** t*> ftgph^ml th^t, linoc all parta ts£ the fan>rw*innl 4 ppjfofr,., iMml*~ 

dcacriotioai tad drawings) «*jr be amended durinc the kiierawiaonal preiaaaaoa^ exaoulQaaioaiiwowiiawi, these fc «s*afly 
tws^tofikaaneaomcatooftbeciaamsuo^ 19capeptwfaeVg.€^meafCTlinaatfwa«i^ 
formctwarposeaofproviskwaJ p<^^ publication. 
Furthermore, fc should be emphasised that provisional protection ic available in tone States only* 



The data* only. 

The description and the drawings may only be amended during international preliminary ejoumnatkw under 
Chapter IL 



* 

Watcst? Wjafcm2aaontbs from saw date of aranm 

rfaar,my l tir<yrtiinr Kmft rwiiirs later, at ihmrtif fir frtort hrrarrrrr tbat ttiit mm rnaaarli ■ ■ U ooMiiluii j 
as h t vfaac boca received on tome tf ahey arc a coci vo d by me i a arni s rfhrisl DweaM aiaertecspamCaomof the 
t r j p ti c tw 6me limit bat before die y ^ ^m of me tocWoat fvepindoaai for aaaettattaoasl atabUoHkm 
(fcvte4sVl)* 



Where Mi to fUe the •ma*daa«wts T 

The ameodmeau may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authority (Rule 46*2). 

Where a ~* for ioternatiooal preliminary nomination baa bccn/Sa God, see below. 



HOW 7 Fl*TT ^*«^H^*«f ~ ~»*»» ^"'^j *»y adding m/w» ti^w HiHtu rtr hy ■mj^wKny tR» faMrt «»r 

one or more of the claims aa GleeL 

A ffpHfiwitf fhftft snwtft bit tttbmftfrod for ctKhaiicet of the claims which, on acco u nt of act stneadmcnt or 
ameadmenta, duTcra from me sheet originally 6led\ 

AH the claims appcarmg 00 a replacement sheet muct be numbered in Arabic numerals* Where a daim is 
/^fv^lVftd 4 pof T fptfwhmig<rf th*- ocfw»rH«imt ts required. In all cases where claims are renumbered, they muat 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 



What stocawasUa aatastyaaay avococapaaty the ameavdncati ? 

Letter (SecOoa 205(b)): 

The ameodtnents must be submitted with a letter. 

The tetter will not be published with the international application and the amended daims. It should not be 
confounded with the -Statement under Artide 19(1)" (see below, under "Statement under Article 19(1)"). 

Tke4eaer must indicate the cUCfeacoccs .between the daims asiilcd and the daim* as amended. It must, in 
-particular, indicate, in connection with each darm appearing urthe international a^pltca^k3ti(Ube^xrgtioicxstood 
that identical indicationa concerning several daims may be grouped), whether 

(i) the claim is unchanged; 

(ii) the claim is cancelled; 

(iii) the daim is new; 

(iv) the da ira replaces one or more daims a* filed; 

(v) the daim is the result of the division of a diim as filed. 
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{day/month/year) JAN C-UUS 


Applicant's or agent's file reference 
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International application No. 
PCT/US02/ 18684 


International filing date 
{day/tnonih /year) 

04 June 2002 (04.06.2002) 


Applicant 
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1 * I I The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
international search report. 

Where? Directly to the International Bureau of WEPO, 34, chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 

2. \~J The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2) (a) to that effect is transmitted herewith. 

3- CZ] With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

| | the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

| _j no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 
4. Reminders 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. If the 
applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the priority claim, must 
reach the International Bureau as provided in Rules 90 bis A and 90 bis.X respectively , before the completion of the technical 
preparations for international publication. 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 mouths from the priority date 
(in some Offices even later); otherwise the applicant must, within 20 mouths from the priority date, perform the prescribed acts for 
entry into the national phase before those designated Offices. 

In respect of other designated Offices, the time limit of 30 mouths (or later) will apply even if no demand is filed within 19 months. 

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, sec the PCT Applicant's Guide, 
Volume II, National Chapters and the WIPO Internet site. 
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Amprenavir (Agenerase, 141-W94, VX-478) is a human immunodeficiency virus type 1 (HIV-1) protease 
inhibitor (PRD recently approved for the treatment of HIV-1 infection in the United States. A major cause of 
treatment failure is the development of resistance to PRIs. One potential use for amprenavir is as salvage 
therapy for patients for whom treatment that includes one (or more) of the other four currently approved 
PRIs-Winavir, indinavir, ritonavir, and nelfinavir— has failed. We evaluated the cross-resistance to am- 
prenavir of viruses that evolved during treatment with the two most commonly prescribed PRIs, nelfinavir and 
indinavir. Unexpectedly, a dramatic increase in susceptibility (2.5- to 12.5-fo d) was observed with 20 of 312 
(6 4%) patient viruses analyzed. The most pronounced increases in susceptibility were strongly associated with 
an N88S mutation in protease. All viruses that carried the N88S mutation were hypersensitive to amprenavir. 
Site-directed mutagenesis studies confirmed the causal role of N88S in determining amprenavir hypersensi- 
tivity. The presence of the N88S mutation and associated amprenavir hypersensitivity may be useful in 
predicting an improved clinical response to amprenavir salvage therapy. 



Since the discovery of human immunodeficiency virus (HIV) 
in the early 1980s, an intense drug discovery effort has resulted 
in the approval of 14 antiviral drugs, with many more in de- 
velopment (3). The approved drugs inhibit HIV replication by 
interfering with the enzymatic activities of either protease 
(PR) or reverse transcriptase (RT). The lack of proofreading 
functions that is inherent in RT, coupled with error-prone 
replication at a high rate, allows HIV to mutate readily. This 
high mutation frequency contributes to the ability of HIV to 
evade successful long-term therapy, resulting in viral load re- 
bound (4). 

Multi-drug-resistant HIV variants pose an increasing prob- 
lem for the care of infected patients (2, 5, 6, 10). Determina- 
tion of the genotypes of such viruses frequently reveals com- 
plex patterns of mutations in PR and RT, thus complicating 
predictions of sensitivity or resistance to antiviral drugs. Accu- 
rate measurements of phenotypic drug susceptibility can be 
used to determine patterns of cross-resistance to existing 
drugs. This type of analysis is an increasingly important tool for 
evaluating investigational or newly approved drugs. The most 
recently approved PR inhibitor (PRI), amprenavir, is a prom- 
ising candidate for salvage therapies, in part because available 
data suggest good activity against viruses resistant to other 

PRIs (12, 13,21). 

Utilizing a recently described phenotypic drug-susceptibility 
assay (14, 16a), we determined the drug susceptibilities of 
viruses present in infected individuals whose combination ther- 
apy regimens, including nelfinavir or indinavir, the two most 
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commonly prescribed PRIs, were failing (viral loads of >500 
copies per ml). A measure of relative susceptibility is obtained 
by comparing the 50% inhibitory concentration (IC 50 ) for the 
patient virus to that for a reference virus, derived from the 
NL4-3 infectious HIV type 1 (HIV-1) DNA clone (1). Values 
obtained from single measurements that are less than or more 
than 2.5-fold those of the reference exceed the normal varia- 
tion of the assay and are considered indicative of altered sus- 
ceptibility to a drug. Hypersensitivity is defined as a reduction 
in the IC50 of >2.5-fo!d (i,e., a susceptibility value of <0.4) 
relative to the NL4-3 reference strain, A significant proportion 
of viruses (20 of 312, or 6.4%) from patients that had been 
treated with nelfinavir and/or indinavir exhibited hypersensi- 
tivity to amprenavir (Table 1). 

Table 1 lists drug susceptibility data for 20 patient-derived 
viruses, in order of decreasing susceptibility to amprenavir. All 
but one of the 20 viruses (patient 17) exhibited decreased 
susceptibility to at least one PRI, most frequently nelfinavir. 
The PR genotypes of the viruses displaying hypersensitivity to 
amprenavir were determined by DNA sequencing using con- 
ventional dideoxynucieotide chain terminating sequencing 
methods (Perkin-Elmer Biosystems, Foster City, Calif.). De- 
duced PR amino acid sequences were compared to that of 
NL4-3 (Table 1) and to a list of mutations associated with PRI 
resistance (19). Thirteen of the 20 patient virus populations 
(65%) and notably all of the viruses displaying the most pro- 
nounced increases in susceptibility (<0.2 relative susceptibility, 
which corresponds to a >5-fold increase in susceptibility) had 
an asparagine (N) to serine (S) substitution in PR at amino 
acid position 88, N88S was always observed in combination 
with mutations at various other positions, including amino 
acids 20, 36, 46, 63, and 77. No viruses from drug-na'ive patients 
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TABLE 1. PRI susceptibilities and PR genotypes of 20 patient-derived HIV-1 viruses displaying hypersensitivity to amprenavir 



Patient 
no. 




Relative susceptibility" 




PR mutation'' 


SQV 


i r\\/ 
1JJ V 


IV 1 V 


IN i V 


AMP 


Resistance associated 


Folymorphism(fi) 


1 


0.73 


2.11 


1.72 


8.92 


0,08 


K20T, M36I, L63Q, N88S 


K14R, I15V, E35D, R41K, I62V 


2 


0.26 


6.16 


1.50 


21.06 


0.09 


M46L, L63P, N88S 


I13W, E35D, I64V, I72V 


3 


1.55 


3.15 


1.22 


11.06 


0.10 


L63P, V77I, N88S 


I62V 


4 


L20 


1.49 


338 


15.87 


0.15 


M36I, L63P, A71A/r, N88S 


I13V, E35D, I62V 


5 


1.88 


631 


1.49 


29.95 


0.15 


K20M, M36V, M46I, L63P, N88S 


113 V, N37A, I62V, 19 3L 


6 


1.41 


5.47 


1.85 


16.76 


0.16 


M46I, L63P, V77I, N88S 


I93I/L 


7 


1.28 


7.61 


336 


24.67 


0.16 


M46I, L63P, N88S 


I13V, K14R, N37D, I93L 


8 


1.80 


7.56 


1.95 


18.61 


0.20 


M46I, L63P, V77I, N88S 


I13V, R41K, I93L 


9 


1.81 


1.15 


3.70 


5.71 


0.23 


L10I, K20K/R, M36I, I54V, L63H, L90L/M 


I13V, I62V, I64V, I72V, N83D 


10 


2.05 


5.58 


1.59 


15.18 


0.24 


L10I, M46I, L63P, A71T, V77I, N88S 


E35D, N37S 


11 


1.22 


4.55 


2.55 


9.55 


0.28 


L63P, V77I, N88N/S 


R41K, I62V, I93I/L 


12 


0.12 


0.77 


3.81 


1.24 


0.29 


L10IVF, M36M/U M46M/I, L63S, V77I, V82A/T 


I64V, I72T 


13 


<U8 


1.06 


8.12 


1.65 


030 


K20R, M36I, 04V, V82A 


R41K, I64V, H69Y 


14 


8.99 


13.59 


6.29 


63.05 


030 


K20T, L63P, A71V, N88S, L90M 


I15V, R41K, K45R, R57K, I72M 


15 


0.54 


1.27 


0.83 


2.59 


032 


K20K/H L63P, A71A/T, N88N/D/S 


I13V, I15V, E35D, N37D 


16 


0.62 


1.12 


436 


3.56 


032 


M36I, L63P, A71AA^ V82V/A 


E35D, I62V, H69Q 


17 


0,53 


0.60 


0.57 


0.45 


033 


M36M/I, L63Q, V77V/I, N88N/S 


K14R, I15V, N37N/S, R41K, I62V 


18 


0.42 


1.28 


0.63 


27.62 


036 


D30N, M36I, L63H, A71V 


I13V, E35D, N37D, R57K, I62V, I64I/V, I93L 


19 


032 


0.69 


035 


2.99 


037 


D30D/N, M36V 


E35D, N37S, I64V 


20 


1.16 


1.37 


1.15 


29.13 


037 


D30N, L33I, M36M/I, L63P, N88D 


T12A/V, I13V, R57K, I93L 



- Values represent the fold change in lC^ relative to the reference, representing the mean of the two determinations. Reproducibility studies have demonstrated 
the variability of PRI drug susceptibility results to be less than twofold with replicate testing of samples. Mean relative susceptibility values (the YC^ for virus from the 
patient divided by the lCsf, for the reference) of >2, indicative of reduced susceptibility, or of <0.5 f indicative of increased susceptibility, are highlighted in bold type. 
Values are rounded to two decimal places. SQV, saquinavir; 1DV, indinavir; RTV, ritonavir; NFV, nelfinavir; AMP, amprenavir. 

b Mixed virus populations exhibiting more than one amino acid at given positions are indicated by slashes. 



were found to carry this substitution (2, 10; our unpublished 
data). While other changes at amino acid 88, most commonly 
N88D, occurred in viruses isolated from patients for whom 
treatment with PRIs was failing, these alterations are not cor- 
related with a significant increase in susceptibility to amprena- 
vir (data not shown). Mutations D30N and V82A, each found 
in 3 of the 20 patient-derived viruses listed in Table 1, were less 
frequently associated with amprenavir hypersensitivity. How- 
ever, the increases in amprenavir susceptibility were less dra- 
matic than those with N88S. These substitutions were also 
observed in viruses that did not exhibit hypersensitivity to am- 
prenavir (data not shown), implying less direct roles for D30N 
and V82A in increased amprenavir susceptibility. 

A representative PRI susceptibility profile for virus from 
patient 1 is shown in Fig. 1. The shift of the amprenavir sus- 
ceptibility curve to lower drug concentrations, i.e., to the left of 
the reference curve, reflects increased susceptibility. The nelfi- 
navir curve is shifted towards higher drug concentrations, Le., 
to the right, indicating reduced susceptibility. Susceptibilities 
to saquinavir, indinavir, and ritonavir did not vary significantly 
(less than 2.5-fold) from those of the reference strain. 

Based on the available treatment histories of the patients 
harboring viruses with hypersensitivity to amprenavir, this phe- 
notype appears to be associated with the failure of nelfinavir- 
or indinavir-containing treatment regimens, N88S has been 
identified previously in viruses isolated after in vitro passage in 
the presence of an investigational PRI, SC-55389A (20, 22), 
and in viruses isolated from patients treated with nelfinavir 
(16). Recently, viruses which emerged early after in vitro se- 
lection in the presence of an investigational PRI, BMS 232632, 
were found to contain the N88S mutation (4a). Intriguingly, 
N88S was found to arise in only two of the three laboratory 
strains used, suggesting that different genetic backgrounds 
could predispose viruses to alternative resistance pathways of 
decreased PRI susceptibility. These data raise the possibility 



that new PRIs may select more frequendy for the N88S sub- 
stitution than do nelfinavir or indinavir. 

To delineate the role of individual mutations in PRI suscep- 
tibility, site-specific oligonucleotide-directed mutagenesis was 
used to generate a series of virus mutants. Mutations were 
introduced into the PR coding region of the NL4-3-derived 
reference vector using a PGR "megaprimer" method (18). The 
presence of the desired mutation(s) and absence of other sub- 
stitutions was confirmed by DNA sequencing. Oligonucleotide 
RsrII (5 ' -ACTTT TCGGACCG TCCATTCCTGGCTTTAATT 
TTACTGGTACAG-3 ' ) was used to introduce a unique .RsrII 
restriction site (underlined) approximately 50 nucleotides 
downstream of the PR coding region into our drug-sensitive 
reference vector. The three point mutations introduced (bold) 
do not change the coding sequence of RT. The resulting con- 
struct allows an exchange of the PR coding region using a 
590-bp Apal-Rsrll fragment, since both restriction sites are 
unique. All subsequent mutants were constructed by exchang- 
ing Apal-Rsrll fragments. The following oligonucleotides were 
used to introduce specific point mutations (bold type): K20T 
(5' -GGGGGGCAATTAACGGAAGCrCTATTAG-3 ' ; cod- 
ing strand), M36I (5 ' -GTATTAGAAGAAATAAATTTGCC 
AGGAAG-3'; coding strand), M46L (5 ' -GATGGAAACCAA 
A ATTGATAGGGGG AATTG-3 ' ; coding strand), L63P (5'-G 
TATGATCAGATACCCATAGAAATCTGC-3'; coding strand), 
N88S (5 ' -CTGAGTCAACAGACTTCTTCCAATTATG-3' ; 
noncoding strand). Phenotypic analysis was performed on a 
total of 12 mutants (Table 2). Representative susceptibility 
curves for nelfinavir, indinavir, and amprenavir for mutant 
viruses carrying N88S and L63P/V77I/N88S are shown in Fig. 
2. The N88S mutant and all other viable mutants that carried 
N88S were hypersensitive to amprenavir, with relative suscep- 
tibility values ranging from 0.04 to 0.14. Mutants containing 
N88S also displayed reduced susceptibility to nelfinavir (2.39- 
to 12.89-fold). Mutant viruses containing L63P or L63P/V77I 
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FIG 1 PR1 susceptibility profile of virus from patient 1. Susceptibility to PR1 drugs was assessed by comparing drug susceptibility curves obtained using the vector 
containing PR and RT coding sequences from the patient-derived virus (red lines) with a reference construct containing PR and RT from pNL4-3 (blue lines). The 
ICso is determined from the curve and indicated by vertical lines. The IC^S of saquinavir (SQ V), indinavir (IDV), ritonavir (RTV), neianavir (NFV), and amprenavir 
(AMP) for the reference control were 3.4, 8.3, 20.6, 3.8, and 16.0 nM, respectively. 



alone were not hypersensitive to amprenavir, thus confirming 
that the N88S mutation is sufficient to determine this pheno- 
type. Clearly, M46L, L63P, and V77I each play a role in de- 
creased susceptibility to indinavir and nelfinavir when present 
in combination with N88S. The L63P/V77I double mutant ex- 
hibited a small, 2.49-fold reduction in nelfinavir susceptibility. 



The K20T virus displayed increased susceptibility to all five 
PRIs, with values ranging from 037 to 0.47. No change in 
susceptibility to any of the nine approved RT inhibitors was 
found (data not shown). 

In the absence of drug, the N88S mutant produced signifi- 
cantly less luciferase activity than the parental reference virus 



Site-directed PR mutation(s) 



TABLE 2. Susceptibility to PRIs and relative luciferase activity of HIV-1 mutants 

Relative susceptibility* 



Not viable 
Not viable 
Not viable 
Not viable 



SQV 


IDV 


RTV 


NFV 


AMP 


0.47 


1.56 


036 


239 


0.04 


1.44 


2.56 


0.77 


5,10 


0.11 


1.15 


230 


0.85 


8,18 


0.12 


1.24 


3.09 


1.39 


12.89 


0.08 


1.45 


2.97 


1.33 


12.24 


0.14 


037 


0.47 


0.47 


0.43 


038 


1.04 


1.12 


1.27 


L43 


1.06 


1.24 


1.72 


1.73 


2.49 


0.91 



Relative 
luciferase 
activity* 



N88S 

L63P, N88S 
UA6U L63P, N88S 
L63P, V77I, N88S 
M46L, L63P, V77I, N88S 

K20T 
L63P 

L63P, V77I 

K20T, N88S 
K20T, L63P, N88S 
K20T, M36I, L63P, N88S 

K20T, M46L, L63P, N88S 

« Multiple clones that contained the indicated mutations were tested for PR! susceptibility individually (two to five independent clones each), and the mean relative 
susceptibilities were determined. See Table 1, footnote a, for PR1 abbreviations. 

*The mean relative luciferase activity (expressed as a percentage of that of the reference) is defined as relative light units produced by the FK mutant umciea oy 
relative light units produced by the reference virus, in the absence of a drug. 



1.0 

20.7 
28.0 
293 
53.2 

10.9 
163.9 
75.6 

<0.01 
<0.01 
<0.01 
<0.01 
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FIG 2 NFV IDV, and AMP susceptibility curves for two representative mutants with site-directed mutations, N88S and L63P/V77VN88S. Red lines represent 
respective mutant constructs; blue lines represent the reference construct. For drug abbreviations, see the legend for Fig. 1. 



(-1%). A virus containing both mutations K20T and N88S 
could not be analyzed, since it did not produce sufficient lucif- 
erase activity. The introduction of additional substitutions at 
position 63, positions 36 and 63, or positions 46 and 63 to 
K20T/N88S mutants did not restore luciferase activity. To en- 
sure that the K20T/N88S mutants did not carry other muta- 
tions that might result in inactive constructs, the Apal-Rsrll 
restriction fragment covering all of the fflV PR of the K20T/ 
N88S mutant was exchanged with the equivalent fragment of 
the M46L/L63P/V77I/N88S mutant. Luciferase activity was re- 
stored, and phenotypic data were consistent with the results 
presented in Table 2 (data not shown). Thus, the vector back- 
bone used to generate all mutants harboring K20T/N88S is 
functional. 

Viruses derived from patients 1 and 14 carried both K20T 
and N88S substitutions and generated modest amounts of lu- 
ciferase activity, although the activity was markedly less than 
that of the control (data not shown). One attractive model that 
may explain these observations is that these mutants are se- 
verely fitness impaired. The luciferase activity measured in the 
absence of a drug may be interpreted as an indicator of how 
well the recombinant virus pool is able to replicate. Luciferase 
activity may serve as a potential measure of replicative fitness 
for the following reasons: (i) given equal transfection efficien- 
cies with the same test vector DNA pool, relative luciferase 
activity is highly reproducible; (ii) relative luciferase activity 
values obtained with different viral constructs vary; and (iii) 
most, though not all, virus mutants generate lower relative 
luciferase activity values than the drug-sensitive reference virus 



(our unpublished observations). This is in accordance with the 
general idea that the fitness of most drug-resistant fflV vari- 
ants is less than that of wild-type HIV. Recombinant viruses 
containing N88S have been reported to display delayed growth 
kinetics compared to parental wild-type HIV-1 (20, 22), adding 
support to this concept. If this is correct, it is likely that addi- 
tional mutations, generally referred to as polymorphisms (e.g., 
I15V and R41K), enhance the fitness of patient 1- or 14- 
derived virus compared to that of the K20T/N88S site-directed 
mutant. Experiments to shed light on these issues and to ex- 
plore the suitability of this single-replication-cycle assay to 
evaluate viral fitness are currently under way. 

It is relevant to determine how the amprenavir concentra- 
tions used in the phenotypic assay correlate with plasma drug 
levels in patients undergoing therapy. The IC 50 s and IG> 5 s for 
the NL4-3 reference strain and the amprenavir-hypersensitive 
patient strains were compared to the estimated trough concen- 
trations of amprenavir in plasma (17). Amprenavir has an IQo 
of 8 to 16 nM and an 10,5 about 10 times higher (100 to 139 
nM) for the NL4-3 reference strain. Similar IC 30 s and IC^s for 
wild-type strains have been reported by other investigators 
using different assays (9, 13, 15, 21), Values for N88S mutant 
viruses ranged from 0.9 to 5.8 nM (IC 5fl ) and 7 to 70 nM (IG> 5 )- 
The concentration of amprenavir in plasma 12 h after a dose of 
1,200 mg is approximately 0.65 |xg/ml, or 1,300 nM (17). Since 
90% of circulating amprenavir is bound to plasma proteins 
(11), the effective minimum concentration is 130 nM. Thus, the 
range in IG, 5 s for N88S-containing viruses is below the am- 
prenavir trough level, whereas that for wild-type viruses some- 
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FIG. 3. Postulated 
PR in the crystal structure 
conserved water molecule in the pocket 
drawn using the program SYBYL, version 6.3 (Tripos, Inc.). 



times exceeds it. The decreases in araprenavir IQo and IG> 5 
observed for viruses carrying the N88S mutation in PR there- 
fore appear to be potentially clinically relevant, since such 
viruses are less likely to escape the suppressive effects of the 
drug than are wild-type viruses with higher IC> 5 values. When 
other variables that negatively affect drug trough levels are 
considered, such as alterations in levels of amprenavir binding 
proteins (in particular al-acid glycoprotein) or brief interrup- 
tions in drug dosing, the effect of N88S on the viral response to 
amprenavir could be even more important. 

All of the N88S viruses we analyzed had increased suscep- 
tibility to amprenavir. N88S mutant viruses emerge in patients 
undergoing nelfinavir and/or indinavir treatment, and this mu- 
tation has been linked to decreased susceptibility to both 
drugs. This finding is reminiscent of the increase in suscepti- 
bility to zidovudine and adefovir caused by the M184V muta- 
tion in RT, which confers high-level resistance to 3TC (8; H. 
Tian et al., Abstr. 2nd Int. Workshop HIV Drug Resistance 
Treatment Strategies, abstr. 30, 1998; M. Miller et al., Abstr. 
2nd Int. Workshop HIV Drug Resistance Treatment Strate- 
gies, abstr. 34, 1998). However, M184V severely decreases 
susceptibility to 3TC, while the N88S substitution, in combina- 
tion with other mutations, causes a relatively moderate de- 
crease in susceptibility to nelfinavir and indinavir. N88S alone 



marginally affects susceptibility to nelfinavir (Table 2). There- 
fore, in contrast to M184V, which is readily selected by 3TC 
treatment, N88S is less likely to arise as a primary resistance 
mutation in response to nelfinavir or indinavir therapy. This 
notion is supported by the finding that viruses containing the 
N88S substitution alone have not been isolated from patients, 
suggesting that N88S may be selected primarily in viruses that 
already have other mutations in PR. Alternatively, N88S mu- 
tants may arise early but require additional changes in order to 
overcome fitness constraints before becoming a predominant 
quasispecies. 

Based on HIV-1 PR crystal structure data, residue 88 is not 
directly involved in substrate or inhibitor binding (7). In wild- 
type PR structures, the side chain of N88 forms hydrogen 
bonds with the main-chain amide of T74, the main-chain car- 
bonyl of T31, and the side-chain Oyl hydroxyl of T31 (Fig. 3). 
Mutation of N88 to a serine residue introduces a smaller side 
chain. In the published structure of the HIV-1 PR dimer com- 
plexed with amprenavir (Protein Data Bank entry 1HPV [7]; 
www.rcsb.org/pdb/), the D30 side chain of one PR subunit 
forms a hydrogen bond with the bound drug, and V32 forms 
part of a hydrophobic patch in the drug-binding pocket. The 
N88S mutation could lead to the formation of a hydrogen bond 
between S88 Oy and the main-chain amide of T31, potentially 
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pulling the D30-T31 region towards the site of mutation. This 
potential change in the binding pocket could allow the aro- 
matic ring of amprenavir to slide further in toward the protein 
surface, improving its hydrophobic interactions with amino 
acid residues such as A28, V32, 147, 150, and 184 (Fig. 3). 
Overall, these changes could improve the amprenavir binding, 
which would be consistent with the observed hypersensitivity of 
N88S HIV-1 PR to amprenavir. Biochemical characterization 
will be required to elucidate the underlying mechanism of drug 
susceptibility. 

The intricate drug resistance phenotypes displayed by the 
N88S (in PR) and M184V (in RT) mutants may be paradigms 
for other potentially clinically relevant manifestations. The 
complexities of the resistance phenotypes could not have been 
accurately predicted by genotypic analysis alone. In light of the 
increasing number of patients undergoing highly active anti- 
retroviral therapy, these results suggest that phenotypic testing 
is helpful in unraveling the potential synergistic interplay of 
multiple mutations in determining drug efficacy in vivo. The 
detection of drug hypersensitivity suggests a strategy for ther- 
apy management that can be tested in the context of a clinical 
trial. 

We conclude from our studies that amprenavir may have 
increased clinical efficacy against N88S viruses. Previous clin- 
ical studies found that 3TC-zidovudine combination therapy 
was more beneficial than zidovudine monotherapy for patients 
harboring M184V viruses (8), By analogy, dual PRI therapy 
combining amprenavir with nelfinavir, indinavir, or new drugs 
such as BMS-232632 could delay the emergence of viruses 
resistant to both PRIs. Some such combinations have already 
been reported to be well tolerated (J. Eron et al., Abstr. 5th 
Conf, Retroviruses Opportunistic Infect, abstr. 6, 1998). 
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